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Abstract   (Slightly edited) 
A rank-ordered list of sizes of biochar-production units is 
presented.   At the small-size end, the various options 
are discussed in more detail, including Micro-gasifier 
cookstoves (example:  TLUD stoves), Biochar 
barrels/kilns/ovens (example:  Jolly Roger Ovens).   
Commercially available mid-size units (examples:  Adam 
Retort, Chip Energy Biomass Furnace, and mobile units 
in Australia).    
Efforts to have continuous production (not batch) are 
discussed, including new “Trof Kilns” (not previously 
presented). 
 
Reference Materials 
• During the 4-day 2013 North American 
Biochar Symposium (13 – 16 October 2013), 
six (or more) presentations covered the 
production technologies. 
http://scholarworks.umass.edu/biochar/ 
• Our focus today is for summary and for new 
materials and thoughts. 
 
 
Sizes, (as proposed by the IBI) 
Source:  International Biochar Initiative (IBI), 2013.   2013 State of the Biochar 
Industry, page 24.      
http://www.biochar-international.org/State_of_industry_2013  
  
 
 
                  Aspect 
Method 
Chapter 
in Taylor  
Batch or 
Continuous? 
Small, Med., 
& Large 
Price 
comments 
Established 
vs. Newness 
Timeframe 
for impact 
Oxic or anoxic 
char process 
Char 
characteristics 
         Fire focus Char production is unintentional   
Matchstick 
 
Chapter 
10  
Batch Micro-size Educational 
demonstration 
Universally 
known 
Only for 
education 
Oxic, with 
unlimited air 
Not analyzed; 
not important 
Forest fires & 
Grass fires 
Not 
discussed 
Batch Small to large Destructive (to 
be avoided) 
Natural No viable 
benefits 
Oxic, with 
unlimited air 
Superficial 
char on wood 
Campfires & 
Many simple 
cookstoves  (ICS) 
Not 
discussed 
B or C, depend 
on users and 
devices 
Small Free DIY to 
$200 
Widely known Not suited for 
char prod., so 
low impact 
Oxic, with 
unlimited air 
Minimal char, 
mostly ash 
         Charcoal focus Char intended to be eventually burned, but recent interest in use as biochar   
Traditional charcoal 
making 
Not 
discussed 
Batch Mostly small 
to medium 
Free DIY to  
$1 K  
Ancient use 
with variations 
Destructive of 
environment 
Anoxic or 
almost anoxic 
Low-temp  w/ 
volatiles  
Modern charcoal 
making 
Ch. 2 Batch Medium to 
large 
???? Industrial sizes Not intended 
for biochar 
Anoxic or 
almost anoxic 
Low-temp  w/ 
volatiles 
Retorts 
 
Ch. 10 Batch Small to 
medium 
Free DIY to 
$25 K (Adam) 
Ancient use 
with variations 
Potential, but 
not yet proven 
Anoxic or 
almost anoxic 
Variable with 
intended use 
Cone kiln Not discu Batch Small to med. DIY to $1 K Japan & new Not yet proven Oxic Seems good 
         
        Gasifier focus Char saving is optional and usually ignored   
Some incinerators & 
industrial systems 
Currently not intended for 
char production 
Large size, no 
biochar apps. 
Est. $5 K to 
$100 K 
Existing but 
not for char 
Not intended 
for biochar 
Oxic, with 
limited air 
Minimal char, 
mostly ash 
Gasifiers: TLUD 
cookstoves 
Ch. 11 Batch Micro and 
small sizes 
Free DIY to 
$500 
1985, with 
recent progress 
Potential, but 
not yet proven 
Oxic, with 
limited air 
Medium to 
good Adsorp. 
Gasifiers:  UpDraft  Continuous Small $15 K to $50 K Old and new Not wide use Limited air Good adsorp. 
Gasifiers: Most 
others 
Ch. 12 Continuous Small and 
medium 
$10 K to 
$250K 
Existing but 
not for char 
Potential, but 
not yet proven 
Oxic, with 
limited air 
Most do not 
make char 
         
         Bio-oil focus Char production is a bi-product, of increasing value   
Slow pyrolysis 
 
Ch. 13 Continuous Medium and 
Large 
Est. $2 K to 
$200 K 
Old and new Economic 
limits  
Oxic, with 
limited air 
Depends on 
unit & usage 
Fast pyrolysis 
 
Ch. 13 Continuous Medium and 
Large 
$ millions New & 
experimental 
Economic 
limits 
Oxic, with 
limited air 
High mobile 
matter 
         
         Not yet known  (See additional comments by Dr. Anderson)   
 
Table of Char Production Methods and Devices  (Revised Draft, 2014-08, PS Anderson) 
                          
                          
                          
                          
                          
                          
                          
                          
                          
                          
STAGES – YIELD PROFILE FOR BIOMASS PYROLYSIS 
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 Torrefaction 
Exothermic  
Pyrolysis 
Char Conditioning 
Moisture 
Volatiles 
Biochar 
Ash 
Sample ashed in air at 600oC 
Proximate Analysis (% wet) 
 
      Moisture              20 
      Volatiles              52 
      Biochar              28 
      Ash                5 
E n e r g y  I n  E n e r g y  I n  Energy out  
[Slide provided by Paul Taylor.] 
PYROLYSIS METHODS & PROCESS CONDITIONS 
Mode 
Heating 
Rate 
Temp oC 
max 
Residence 
Time 
Main products 
Carbonisation Very slow 400 Hours to days 
Charcoal 
Wood vinegar 
Slow 
Pyrolysis 
Slow 
1-100 oC/min 
600 5-30 hrs 
Oil, char, gas 
About 1/3 each 
Fast Pyrolysis 
Very Fast 
> 1000 oC/sec 
650 seconds 
Bio-oil, 75% 
Char, 10-20% 
Gasification Fast > 800 5-60 mins 
Gas. 80% 
Char, 10-20% 
TLUD gasifier Moderate 500 - 700 20-60 mins 
Char 20-35% 
Gas 
Yields depend on feedstock, temperature and heating rate 
[Slide provided by Paul Taylor.] 
THREE METHODS OF HEATING: PROS & CONS 
Internal heat transfer Circulated gas heating 
Folke-Gunther double barrel 
External heat transfer 
Adam Retort 
200 L 
Drum 
TLUD 
TLUD Double Drum Adam Retort 
Feedstock size Chips. Difficult to run on mixtures Chunks, sticks, not sawdust Logs, Limb wood 
Air access Oxic, must quench or snuff char at end Anoxic Can be controlled 
Scale Up to 200L.  *Scale by multiple units 200L require larger outer drum Small farm, 2 m3, 300 kg biochar 
Heat transfer Close coupled, efficient Not efficient, unless insulated Efficient and controlled 
Control Progressive, easy to control May all go at once Use mixed size feedstock 
Temperature 700oC   Can be cooled with mister 400oC 400oC 
Time 2 hrs 2 hrs 8 hrs 
Emissions Clean burning Can be made low emission 
Cost Simple, cheap, recycled drums Simple, cheap, recycled drums $5000-8000 
Pro       Con | note 
[Slide provided by Paul Taylor.] 
Further TLUD Stove Development 
• Projects and R&D continue in 
numerous countries. 
• Latest TLUD design (Troika) is 
provided at website: 
• www.drtlud.com/troika   
 
Troika Bingwa TLUD-ND  
Made in Uganda.     
Bingwa means Champion  
TLUD heating a Retort 
[Slide provided  
by Paul Taylor.] 
INTERNAL HEATING: Vietnam TLUD for Burning Straw 
Spigot 
Secondary 
Air 
Primary Air 
[Slide provided by Paul Taylor.] 
AVUD Gasifier by Chip Energy 
• UpDraft 
• Continuous feed 
of many fuels 
• Micro and small 
• 180 K Btu/hr (50 
KW thermal) 
• 500 lbs/24 hr fuel 
yields 100 lbs 
biochar 
Flash boiler  
INTERNAL HEATING:  JAPANESE CONE KILNS 
Convected air Convected air Moki Kiln 
Charring time: 2hrs.  
Temperature:  600 oC 
[Slide provided by Paul Taylor.] 
Pyrolyser is placed over a 
mixture of manure, clay & 
minerals put between layers 
of hay to maximize nutrient 
availability. 
SMALL INFIELD PYROLYZER 
Little Joey 
[Slide provided by Paul Taylor.] 
Air for starting the 
pyrolysis process.   
900mm 570mm 
Thermocouple 
Small fan or  
Bellows 
Air pipe with holes for tar cracking 
SMALL SHEET-METAL INFIELD PYROLYSER 
Small LPG burner to 
burn smoke and ignite 
syngas 
Flare 
shroud 
Tertiary air 
Biomass with clay Mixed biomass, minerals and clay.   
Layer can extend into the ground 
[Slide provided  
by Paul Taylor.] 
The BIG ROO  INFIELD PYROLYSER 
[Slide provided by Paul Taylor.] 
Biomass with clay 
40mm square tube Frame 
with sheet steel 
2.7 m 
1
.8
 m
 
700mm LPG burner to crack smoke, 
ignite syngas 
150mm holes for start-up air.  
Burner inserted to ignite top 
Flare shroud 
Baffle with hot air, or exhaust 
from diesel engine, flowing up 
the side 
LARGE INFIELD PYROLYSER (The Big Roo) 
• Developed as a low cost 
method of eliminating pollution 
when crop residues and 
greenwaste from land clearing 
are burnt in the field. 
• Covers 7m3, ~2 tons biomass 
• Carried and placed by tractor 
• Volatiles mix with air and 
burn at the top of kiln, 
radiating heat to drive 
pyrolysis, which progresses 
downwards 
Heat shield with gas holes 
Rigidized refractory wool  
Water sprays 
• External gasifier provides hot air 
for drying / torrefaction to   ~ 
200oC, <15% moisture 
• Small genset powers fan, sends 
flue gas into kiln 
• Top of biomass is ignited 
through lower airholes,       
later closed 
150mm Secondary air pipes 
[Slide provided by Paul Taylor.] 
Stranded biomass 
Testing 
Current solution 
Transportable container based pyrolyzer 
 13m3 per batch, 1 ton of biochar 
 Batch processing takes ~ 4hrs. 
 High fixed carbon content > 90%. 
 Thermal energy output of ~ 52GJ 
total over 4hr (3.6MW). 
 Cost: $250,000 
New solution 
[Slide provided by Paul Taylor.] 
• 1000 tons per year 
• Water content <50% 
• Particle size <30 mm 
• 150kW heat out 
• 40 ft container platform 
• US$400,000 in Europe 
 
Greenwaste, sewage sludge, 
slaughterhouse waste, papersludge, 
bark, pine needles, foliage, cereal 
residues, straw, rapeseed, sugar beet 
waste, olive production waste, 
nutshells, digestate, screenings, 
coffee production waste, compost, 
beer barley residues, miscanthus, 
rubber, … 
PYREG CONTINUOUS PYROLYSER 
Sonnenerde, Austria 
[Slide provided  
by Paul Taylor.] 
Graph of Char-making Methods 
(Not yet completed) 
• X-axis shows “size” expressed as through-put or 
char production/hour or other. 
• Y-axis shows “price” expressed as installed cost 
or other. 
• Possibly on a log-log graph. 
• Lower left is small and inexpensive (stoves). 
• Upper right is large and expensive (processors).  
• Lower right is large and inexpensive (empty). 
NEW:    Anderson Char Maker 
• Still treated as CONFIDENTIAL information. 
• Provisional Patent Application (PPA) has been 
submitted, but business issues need caution. 
• Advantages: scalable from barrel to shipping 
container, manual or automated, relative low 
price, diverse fuel options, semi-gasifier. 
• Current development is seeking qualified 
participants maintaining confidentiality. 
• Establishing a “User Group” for applications. 
• If interested, contact Paul Anderson. 
 
Thank you !! 
Paul S. Anderson, PhD 
aka  “Dr TLUD” 
Website:   www.drtlud.com 
Email:  psanders@ilstu.edu 
Residence:   Normal, Illinois 
Phone:   (309) 452-7072 
Skype:   paultlud 
 
 
